Adrenal hormones regulate glucose levels, responses to unpredictable stressors and modulate cognition. Glucocorticoids can have an inverted-U shape relationship with cognition, as very low or high levels impair, whereas moderate elevations facilitate, acquisition and retention of memories. To date these relationships have been tested with humans and rodents in laboratory settings rather than with wild animals in biologically relevant contexts. This study examined whether the elevated cortisol observed in juvenile Belding's ground squirrels (Spermophilus beldingi) at natal emergence might promote both acquisition of adaptive responses to this species' two alarm calls warning of predators and memory of the spatial configuration of mothers' territories. Both experimentally increased and decreased basal cortisol levels interfere with acquisition and retention of an association between a warning call and the appropriate response compared with naturally occurring moderately elevated cortisol. Further, decreased cortisol impairs learning of a novel, complex spatial maze. Thus in the field the brief elevation of cortisol at emergence might facilitate acquisition of spatial memory of a three-dimensional environment and responses to alarm calls during a sensitive period of learning. This novel demonstration of the inverted-U shape function in a wild animal suggests that natural selection has favored a hormonal profile facilitating rapid acquisition of important survival behaviors.
Introduction
Stress hormones can have an inverted-U shape effect on cognition which is due to differential activation of mineralocorticoid and glucocorticoid receptors (MRs and GRs) in the hippocampus and amygdala, among other areas. At basal glucocorticoid levels, 80-90% of MRs but only 10-15% of GRs are occupied, and learning and memory are facilitated. However, when MRs and GRs are equally occupied, due to low basal corticoid levels or to high levels as a result of acute stress, acquisition and consolidation of memories are impaired (de Kloet, Oitzl, & Joels, 1999; Ferguson & Sapolsky, 2007; Herbert et al., 2006; Lupien & McEwen, 1997; Roozendaal & McGaugh, 1996) . This relationship between glucocorticoids and cognition is complex, and can vary by developmental stage, sex, reproductive status, and with the nature of the learning paradigm and the neural structures involved. For example, acute increases in corticosterone facilitate learning by rats in a Morris water maze, but the effect depends on their prior experience (Sandi, Loscertales, & Guaza, 1997) . Three months, but not one month, of chronic elevation of corticosterone impair Morris maze learning in middleage rats, but young rats are not affected by either duration (Bodnoff et al., 1995; see also Conrad, Lupien, & McEwen, 1999; Dachir, Kadar, Robinzon, & Levy, 1993; Roskoden, Linke, & Schwegler, 2005 for studies with y-mazes and radial-arm mazes). Acute stressors do not influence trace eye-blink conditioning (TEBC) in pre-or pubertal rats, but in adults they impair female and enhance male performance (Hodes & Shors, 2005 ; see also Duncko, Cornwell,
